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for applying 
fertilizer solutions 

Fertilizers in liquid form are easier to handle and often cost less per 
unit than in the dry form. Until recently, however, only large farm 
operators have found it economical to purchase and use their own 
liquid application equipment. 

Development of a hose pump that uniformly measures fertilizer 
solutions or nitrogen solutions 1 makes it possible for more farm 
operators to own and operate their own equipment and thus take 
advantage of the saving in cost between liquid and dry fertilizers. 

The pump is manufactured in models costing $100 to $200. It 
weighs about 25 pounds, and can be mounted easily on a tractor or on 
a tractor-drawn implement. It can be used for making surface or 
subsurface applications of fertilizer solutions before or at the time of 
planting, for applying the solutions as side-dressing or top-dressing, 
and for applying them to crop residues that are to be plowed under. 

Studies during the early 1950's in North Carolina indicate that a 
farmer is justified in investing $100 in nitrogen-solution equipment if 
he is going to use it each year on 12 acres or more, and $200 if he is 
going to use it on 22 acres or more. 

OPERATION 

The pump consists of 1 to 12 or more flexible, plastic-type hoses 
that are stretched over a 4-roller reel. It is connected to a supply 
tank by a feed line. The tank must be open or vented during field 
operation. To assure uniform application, mount the pump so that 
it is 1 foot or more below the bottom of the tank. 

As the reel turns, the rollers move along the hoses. The hoses close 
when a roller comes in contact with them; they open again after the 
roller passes. The contact of the rollers with the hoses as the reel 
turns creates a pumping action that pulls and pushes the solution 
forward and discharges it at the open ends of the hoses. 

When ready to operate, the hoses are stretched over the rollers 
tightly enough to prevent flow of the fertilizer solution through the 
hoses unless the reel is turning. When not operating for long periods, 
the hoses should be loosened to prolong their useful life. 



1 Fertilizer solutions are combinations of two or more of the major plant 
nutrients in liquid form. Nitrogen solutions are nitrogen fertilizers in solution 
at low pressure. This hose pump is not used to meter high-pressure nitrogen 
fertilizer (such as anhydrous ammonia). 
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F 2850 

Output side of 12-hose pump showing hoses stretched over the reel rollers. 

For surface application, the hoses can be tied to a homemade boom. 
For subsurface application, the hoses can be tied back of cultivator 
shovels, plows, or various types of fertilizer applicator shanks. 

FEATURES 

1. One hose pump unit operates as 1 to 12 or more single pumps 
(depending on the number of hoses) but it costs no more than single 
pumps of some types. 

2. The pump can be driven from a ground wheel because it meters 
the solution accurately at reel speeds of 50 to 400 revolutions per 
minute. This makes it possible to apply net plant nutrients at ap- 
proximately 20 to 200 pounds per acre. The range of application 
rates depends on concentration of plant nutrients in the solution, 
width of area served by each hose of the pump, as well as speed of 
revolution of the hose reel. 

3. The rate of fertilizer application is constant, at a given setting, 
regardless of ground speed. This means that all plants get an equal 
share of the fertilizer regardless of tractor speed. 

4. No cutoff valve is required because the flow stops when the reel 
stops turning. 

5. No corrosion of moving parts of the pump can occur because 
the solutions do not come in contact with these parts of the pump. 

6. The pump requires no return by-pass line. 

7. No orifices are required in the distribution lines to insure equal 
distribution to a series of outlets, as required in a pump having a 
manifold distribution system, because each hose is a separate meter- 
ing pump. 

8. The reel is not damaged if the pump is operated dry after the 
solutions run out. (The hoses may be injured somewhat or lose their 
resiliency if operated dry more than a few minutes.) 

9. The desired rate of application can be obtained without trial- 
and-error runs. 
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10. The cost of repair and replacement of parts is low. Most 
farmers will probably find that a set of hoses will last 2 or 3 years. 
Replacement of a set of 12 hoses over the reel costs about $5. 

REGULATING THE PUMP 

The rate at which the reel turns governs the amount of the fertilizer 
discharged by each hose on the pump. One of the important char- 
acteristics of this pump is that there is a direct ratio of the speed of 
the reel to the amount of discharge of the hoses. In other words, 
increasing reel speed from 100 to 200 r. p. m. doubles the amount of 
fertilizer discharged. 

The reel is turned by the ground wheel of the equipment on which 
the pump is mounted, or some equivalent drive. Sprockets on the 
reel and the ground wheel are connected by a suitable chain drive or 
other mechanical means of power transmission. The rate at which 
the reel turns is therefore in direct ratio to the rate at which the ground 
wheel turns. By varying the ratio you can change the rate at which 
fertilizer is applied to the soil. 

To vary the ratio, change the size of sprockets. This will increase 
or decrease the number of times the reel turns with each turn of the 
ground wheel, thereby increasing or decreasing the amount of fertilizer 
that is discharged through each hose on the pump. 

The method you use to determine the size of the sprockets depends 
on whether the chain drive has 2 sprockets, or 4 sprockets (as when 
using a counter shaft). A 4-sproeket drive (illustrated on p. 8) 




Typical hose pump installation on tractor showing supply tank, pump, hoses tied 
to boom, and ground wheel. (Courtesy of The Liberty Manufacturing Com- 
pany) 
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permits a more exacting rate of application and a much wider range 
of rates than a 2-sprocket drive (illustrated on the cover). 

Two-Sprocket Chain Drive 

If you use a 2-sprocket chain drive, an easy way to vary the ratio 
between the reel turns and the ground wheel turns is to change the 
size of the sprocket on the reel. To determine the reel-sprocket size 
needed for a particular job (1) decide on the per-acre rate at which 
you want to apply fertilizer, (2) take certain measurements, and (3) 
make a few simple calculations. 

Application rate 

Refer to the table on p. 12 for information to assist in calibration 
of the metering hose pumps or other application equipment of fer- 
tilizer solutions. From this table can be determined the gallonage 
per acre which is equivalent to the pound per acre rates of dry 
fertilizers. 

Example: 

Suppose you have previously applied 400 pounds per acre 
of a 5-10-5 dry fertilizer to a given field, and now want to 
apply liquid fertilizer at a rate to obtain the same net plant 
food. Refer to the left column that lists "weight of dry 
fertilizer of similar analysis per acre." Note the line showing 
400 pounds. Follow this line to the right, and under the 
5-10-5 column you will note that the equivalent rate is 40 
gallons. This figure is based on the estimate that a gallon 
of liquid fertilizer weighs 10 pounds. For more precise 
calculations, refer to the weight shown on the manufacturer's 
label and make any necessary adjustments. 

Another example shows how to convert a rate of 700 
pounds of a 10-10-10 dry fertilizer per acre to the equivalent 
in liquid fertilizer. Since it is quite probable that you cannot 
purchase a 10-10-10 mixed fertilizer solution, it is necessary 
to change the percentage rate of 10-10-10 to pounds per acre 
of the 3 primary plant food elements. In other words, 700 
pounds of 10-10-10 means 70 pounds of nitrogen, 70 pounds 
of phosphate, and 70 pounds of potassium. This is a 1-1-1 
ratio. Note that an 8-8-8 fertilizer is also a 1-1-1 ratio. 
Under the 8-8-8 column, find the line showing 64-64-64 
net pounds opposite 80 gallons per acre, and 72-72-72 opposite 
90 gallons per acre. It would appear, therefore, that a rate 
of 87 or 88 gallons of liquid fertilizer per acre would closely 
approximate the desired application rate. Similar examples 
may be worked out for the application of nitrogen fertilizer. 

Use the table on page 12 to convert pounds of plant nutrients or 
net nitrogen to gallons of fertilizer solution. 

Example: 

If you want to apply nitrogen at the rate of 40 pounds (net 
weight) per acre, the table indicates that you will need to 
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apply the following amounts of nitrogen solution per acre: 
17.8 gallons of 21-percent nitrogen, 11.3 gallons of 32-percent 
nitrogen, 10.9 gallons of 37-percent nitrogen, or 10.3 gallons 
of 41-percent nitrogen. 

Measurements 

Following are the measurements needed, and how to take the 
measurements. 

1. The number of times the reel turns to discharge 1 gallon of 
fertilizer through 1 hose. 

Half fill the tank with fertilizer solution. Operate the pump enough 
to discharge 1 pint into a container that is held under 1 hose. Count 
the number of reel turns required to fill the container and multiply 
by 8, the number of pints in a gallon. 

2. The width of the field strip to be treated by 1 hose. 

Measure the width of a row in the field. Use this measurement in 
your calculations if 1 hose is to treat 1 row. If 1 hose is to treat 2 
rows, multiply the row width by 2 ; if 2 hoses are to treat 1 row, divide 
the row width by 2. If the hoses are tied to an applicator boom, use 
the measured distance between hoses. 

3. The circumference of the ground wheel. 

Measure the distance the equipment travels under field operating 
conditions in 10 turns of the ground wheel. Divide the distance by 10. 
An alternate method is to measure the distance from the center of the 
axle to the ground surface and multiply the distance by 6.28. If you 
use this method, allow for wheel slippage that will occur under field 
conditions. Subtract a 5- to 10-percent estimate for wheel slippage if 
the ground wheel is power driven (like a tractor wheel), but add the 
slippage estimate if the ground wheel is not power driven, but is 



Calculations 

First step. — Multiply the number of gallons of fertilizer solution* per 
acre by the number of reel turns per gallon by the width of the strip 
(in feet) by the ground wheel circumference (in feet) and divide the 
product by 43,560. 

The calculation will give the ratio between the rate at which the 
reel turns and the rate at which the ground wheel turns. 

Example: 

(1) Your application rate is 40 pounds (net weight) per acre 
of 41 -percent nitrogen solution. The table shows that this 
rate requires an application of 10.3 gallons per acre. 

(2) The reel turns 50 times to discharge 1 pint from 1 hose. 
Fifty multiplied by 8 is 400 — the number of reel turns to 
discharge 1 gallon. 

(3) Each hose is to treat 1 row. The row is 42 inches, or 
3.5 feet, wide. 

(4) The equipment travels 125 feet in 10 wheel turns. The 
distance divided by 10 is 12.5 feet. 
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Ratio = 



10.3X400X3.5X12.5 
43,560 



10.3X400=4120 
3.5X12.5=43.75 
4120X43.75 = 180,250 
180,250-5-43,560=4.14 



The computed ratio is 4.14, which means that the reel turns 
a little more than 4 times with each turn of the ground wheel. 

Second step. — Divide the size of the sprocket on the ground wheel 
by the computed ratio. This will give the sprocket size for the reel. 

Examples: 

(1) The ground wheel has a 24-tooth sprocket. The com- 
puted ratio is 4.14. Twenty-four divided by 4.14 is 5.8. 
Therefore, use a 6-tooth sprocket (the nearest size) on the reel. 

(2) The ground wheel has a 32-tooth sprocket. The com- 
puted ratio is 4.14. Thirty-two divided by 4.14 is 7.7. There- 
fore, use an 8-tooth sprocket (the nearest size) on the reel. 

Four-Sprocket Chain Drive 

If you use a 4-sprocket chain drive similar to the one shown in the 
accompanying drawing, vary the ratio between the reel turns and the 
ground wheel turns by changing the size of sprockets B, C, and D. 
Leave sprocket A, the drive sprocket on the ground wheel, in place. 

Determine the size of sprockets B, C, and D in the same way that 
you determine the size of the reel sprocket in a 2-sprocket chain drive, 
but add one item to the first step of the calculations (size of sprocket on 
drive wheel — note example below). 



SPROCKET 
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Calculations 

First step. — Multiply the number of gallons of fertilizer solution per 
acre by the number of reel turns per gallon by the width of the strip 
(in feet) by the ground wheel circumference (in feet) and divide the 
product by the number of teeth of the drive sprocket on the ground 
wheel multiplied by 43,560. 
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Example: 



(1) The application rate and the measurements are the 
same as those in the first example on page 6. 

(2) The ground wheel has a 24-tooth sprocket (sprocket A). 

p ati 10-3X400X3.5X12.5 10-3X400=4120 
24X43,560 3.5X12.5-43.75 

4120X43.75=180,250 
24X43,560=1,045,440 
180,250-5-1,045,440 = . 1725 

The computed ratio (or, in this example, sprocket factor) 
of reel turns to ground wheel turns is .1725. 

Second step. — Use the table on pages 10 and 11 to determine the 
size of sprockets B, C, and D. The table gives the size of sprockets 
to use with various computed ratios ranging from .0417 to .6667. 

Example: 

The computed ratio is .1725. 

The ratio given in the table that is nearest to the computed 
ratio is .1728 (the first figure at the top of the page in the 
second column from the right). The other numbers on the 
same line are the size of sprockets to use. B should be a 
9-tooth sprocket, C a 14-tooth sprocket, and D a 9-tooth 
sprocket. 

Third step. — Place the sprockets listed in the table (opposite the 
calculated ratio) on their respective places in the drive train. Run 
a trial test to check the correctness of the calibration of the pump. 



Example: 

Place a 9-tooth sprocket on the driven sprocket position 
on the countershaft; a 14-tooth sprocket on the driver sprocket 
position; and a 9-tooth sprocket on the pump shaft. Run 
a trial test of about 1/10 or 1/100 acre to determine if a little 
over 8 pints or 3/4 pint is discharged, which will indicate an 
application rate of 10.3 gallons of solution per acre. 



Other Considerations 



You can also change the rate at which fertilizer solutions are 
applied by changing the number of hoses used, or by changing to 
hoses that have smaller or larger diameters. (The calculations for 
determining sprocket sizes, and the tables on pages 10, 11, and 12, 
will apply regardless of the size of the hoses used.) You can decrease 
the rate at which fertilizer is applied by diluting the solution with 
water. 

Since the pump should be used with an open tank, you may want 
to add water to the low pressure nitrogen solutions, especially in hot 
weather, to avoid loss of free ammonia. The addition of water in 
cold weather will lower the salting-out temperature — the point at 
which nutrients crystalize. 



9 



P 

O 
PQ 



OOOCi005HNCCX050NCONONOOH®NOOC005050h 



^OONOCD05NNOONCOONNOiOOcOOOCDI>NcD0500cON 



P 

O 
PQ 



CO^hON^CO OCOC1NCONC500NOON h CO O ffl H 

M^OOOOIN^O rjH05HCO»0(ONOWN»0 h © O »0 CD 

COCOCO^^^TtiiO iCioOcOcOcOCONNNOO O O © O O 

CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CO CO CO 

OOOOOOOCOfNHONMOOOOOOON^COINHOOHOSH 



H^COCOOTHCOCDH05rj<OlOCOOlNOO(OlO^»OHCOCD^ 
^H^H^H^^H^^H^^H N H H H rH ^HrHrHrHrHrHrHCM 



NOON05NCOCOOOCON00505NCOOOOCOCOCONNC005H 



COOXOOCDIOCOOOMNCOM 1> O IQ CO ^ 00 ^ O »0 CO 
T^iC>ON00050HCOCO^iO lO h O CM ^tf CO I> l> 00 
NNNNNN000000000000 0000 OS 05 OJ Ol O C5 05 O 



O 

o 



P 
O 
PQ 



r(<OINC0(N05HC0O(NOHC000^C0OH00H(NOHC0i0Q 
COOOCO^COHfqcOHO^^^oOcDiOCOCO^COCDNiOOcOH 

T-H rHi— It-Hi— ItHt— li— (i-Ht-HtHCM r- It— iT-Hi-HrHrHi— li— I rH r- I tH tH 

NC0O000005000500CDO05WN000005OM00050005HN00 



1> CO CD^oO^ooiOffiO^OOJ N ^ iO 00 N h O ^ ^ 00 
CMCO ^>OiOCOCONOOOH(N(N ^^iCiONGOOH CM CM 

co co cococococococo<*TtHTjH«tf ^^^^tj^iou: w « 



o 

CO 
■C3 
3 

E 



P 

O 
PQ 



COIM^hiOOO(OCO'C(NCOWJ^hiO(NCOOOO(N'*Oh^OON 

t-H rH HH rH rH i-H rH rH rH rH rH rH rH rH rH rH rHrHrHrHrH rH 

^^H(N(N00C0<OrHOHCDWC0C0C0^H00©H05OCDM^ 
QNOOhOOOOOWOOOOOOOOhOOOOOOONNOOOOOCOO 



CM CM CM O 

i> oo oj o 

C5 03 O O 

O O O rH 



CO l> 

CM CO 

o o 



CM 00 
rH LO 

o o 



rH 

CO l> 

© o 



CO 
b- 00 

o o 



©rH (N lO CD CO H^ N 
O rH CM CM CO «tf *0 CO 



P 

Q 
PQ 



CO CO CM CO CO 

TjH OS CM rH 

rH rHrHr-l rH rH rH r-lrH i-t r-^ 

OOCOHHO(NOOCOCOCOOOC0005005 



CM O 

o i> 



»o CO 



CM CM 



»0 CM 

rH 00 



^0»COHCOHOCO 

CON^cOh^^OOCO 
rH rH rH rH i-H rH 

CMOiCMrHGOrHCOOO 



Ph 



CO CM OO^ONOOOhOJ CO h o ^ ^ 00 00 o o CO 

1> 00 0005OOrHr-iCMCM CO ^ iO CO N N 00 © OrH 

CO CO COcOt^I>l>-I^t^t- 1>- W I> i> 0000 

o o oooooooo oooooo oo oo 



p 

o 

PQ 



CO CO io o io CO CO 
00 CD N CO O O N 1 
^HH^^cOOCO^cqHHO^COOcDCOCONCOHOlN^cO 



^COCO^CO^cOiO»0(NCOCO^CO^CO(NCOt)< 
00ONN00HH03N05N00 00 O00NNH0i 



N o ^ a CO OO O CD O iO 00 

rH CM CM CM CO CO H^ t}< rjH lO lO 
""^H 

oooo oooooo o 



CM ^ © CO CD H lO CD rH LQ 

CO CO CO N N 00 00 00 © 05 

ooo ooooo oo 



10 



CO 


i> 


rH 


00 




i> 


00 


o 

rH 


i> 


CO 


3 


00 


i> 


CO 


o 


CO 


00 


CO 




00 


i> 


CO 


CM 


CO 


rH 

CM 


iO 


CO 


rH 


CO 


rH 
CM 


iO 


CO 


rH 
CM 


rH 
CM 


CO 

rH 


rH 


rH 
CM 


lO 

rH 


rH 
CM 


CO 


rH 
CM 


rH 
CM 


rH 
CM 


rH 
CM 


co 


CO 




CO 




CO 


CO 


l> 


CO 


CO 


CO 


00 


CO 


co 


CO 


CO 


1> 


CO 


1> 


CD 


CD 


CO 


.3077 


.3095 


.3117 


.3125 


.3265 


.3333 




.3429 


.3571 


.3611 


.3636 


.3750 


.3810 


.3889 


.4000 


.4167 


.4286 


.4444 


.4898 


.5000 


.5714 


.6667 


o 

rH 


o 

rH 


00 




CO 


Oi 


rH 
rH 


Oi 


rH 


00 


o 

rH 


rH 
rH 


00 


CO 


CM 

rH 


00 


j> 




o 


00 


CO 


00 


CM 


CO 


CO 


© 


CO 


CO 


CO 


*0 


rH 


CM 


CO 


rH 


rH 


00 


CO 


CO 






CO 




rH 
CM 


CO 

rH 


co 


00 


00 




CO 


I> 


i> 


00 


CO 


l> 


CO 


O 


00 


CO 


CO 


Oi 


i> 


CO 


1> 


CD 


oo 


1> 


.2000 




.2031 


.2041 


.2051 


.2063 


.2078 


.2083 


.2121 


.2143 


.2167 


.2182 


.2188 


.2222 






.2245 


.2273 


.2286 


.2292 


.2308 


.2321 


rjH 


CO 


rH 


o 


oo 


o 


Oi 


rH 


o 


GO 




o 




rH 


CO 


00 


CM 


co 






o 


00 


iO 


CO 


CO 


rH 


o 


rH 


O 


rH 


CO 


Oi 


CO 


CO 


00 


CO 


lO 


00 


CO 


rH 


CO 


iO 


CM 


rH 


l> 


00 


CO 


Oi 


00 


l> 


l> 


00 


o 

rH 


l> 


Oi 


00 


1> 


i> 


i> 


CO 


00 


rH 
rH 


l> 


GO 


1> 


00 


rH 

CO 

»o 


00 
CO 
iO 


00 

rH 

lO 


CO 
lO 


CO 
CO 

*o 


rH 
l> 

*0 


00 

*o 


rH 

Oi 
lO 


o 
o 

CO 


o 

CO 


CO 
CO 


iO 
CM 
CO 


CO 
CO 
CO 




00 
rH 
CD 


!> 

CO 

CO 




GO 

CO 


00 
00 
CO 


o 
1> 


rH 


Oi 


CO 


rH 


CM 


CO 


o 


CO 






rH 


Oi 


CO 


o 


Oi 




CO 


o 


CM 




o 




CO 


rH 




CO 


O 


o 


CM 


rH 


00 


CM 


CM 


o 


CM 


o 


00 


rH 


o 


Oi 


tH 


O 


co 


co 


CM 


CO 


00 


o 


1> 


rH 

rH 


o 

rH 


l> 


CO 


Oi 




Oi 


CO 


00 


1> 


O 


CO 


1> 


Oi 


l> 


O 


Oi 


i> 


rH 
rH 


CM 

rH 


CM 
00 

rH 


o 

Oi 




O 

o 

CM 


Oi 
O 
CM 


CM 
CM 




rH 
CM 
CM 


lO 
CO 
CM 


o 

*o 

CM 




o 
1> 

CM 


CO 
CM 


CM 
00 
CM 


CO 
00 
CM 


CO 

Oi 
CM 


Oi 
Oi 
CM 


o 
o 

CO 


CO 

co 


Oi 
CO 


CM 
CM 
CO 


rH 


CO 


iO 


rH 


CO 


Oi 


tO 


CO 


CO 


o 


rH 


o 


00 


CM 


CM 


to 


CO 


CO 


rH 


rH 


iO 


CM 


Oi 


00 


O 


CO 


O 




CO 


rH 


*o 


00 


O 


Oi 


00 


rH 


O 


rH 
rH 


CM 


CO 


X' 


CD 


CO 


l> 


O 
rH 


CO 


00 


rH 
rH 


Oi 


Oi 


o 

rH 


O 

rH 


CO 


Oi 


00 


o 




o 

rH 


Oi 


o 


00 


CO 


CO 


CM 


Oi 


CO 


.0818 


.0833 




.0844 


.0855 


.0864 


.0867 


.0875 


.0888 


.0889 


.0893 


0060* 


.0909 


.0917 


.0926 


.0933 


.0938 


.0947 


.0952 




.0963 


.0972 


CO 


rH 


CO 


cm 


CO 


iO 


CM 


CO 


rH 


CO 


CM 


o 


»o 


rH 


CO 


oo 


00 


rH 


CO 


rH 


rH 


CM 


00 


O 

rH 


o 




CM 

rH 


Oi 


00 


Oi 


00 


rH 
rH 


o 


CO 


Oi 


CM 


GO 


CO 


00 


00 


O 


O 




00 


o 




CM 




rH 


rH 


CM 


O 


O 




rH 


o 


O 


rH 


O 


CM 


CO 


Oi 


CM 




CM 


o 


.0500 


.0510 


.0521 


.0530 


.0536 


.0545 


.0556 


.0563 


.0571 


.0583 


.0595 


0090* 




.0612 


.0615 


.0625 




.0635 


.0641 


.0649 


.0655 


.0667 



11 



*3 
'•B 

o 

Vj 

is 

-3.2 
o o 

§2 

be fl 



i— i rt< r>. o co »o xh^< o> <m »o i— i co oo co Oi »o co 
irfcdt^ oidri cirj5»o co I s - oJ o eo »o" o co »o * odi^I 

,-H,H HHH HHH <N CN <N CO CO CO CO »0 



■3 



»O00<M >OOSCO (DO'* t^i-C* 00»OCO t^Tt<<N OS »0 

^cdoo oiooi co ;o co t^o gjjogg 03 



COtHIO O»P0t- iO "O •* 00 <N 

oc oi rH c4 Triced odoirJ 



OSi-HCO COOCO <N-*t> Oii-HCO COOrfH CO 00 (M l>OS 

o6i-Jco iono <ntj?co oo'r-Jco' »o o co e4 cdod 
th^h ,-h <M CM CM CM <N CO CO co -* »o «o co co oc 



, B CP 

s O 03 



q b & 



CNCNCO co^rf< coRt^ »§8 Seo°« Sc 



s| CM CO CO Tf 



5 CD GO OS O 



o 
2 



5 CD 00 Oi O 



WOiO COO m0>0 OOO OOQ 
i — I - — I cmcnco co-*-* >o©n xao 



s 35 £ X £ 

ON 2 £OCM £Og OOg 

S^ss co-33 S8§ 



^ s 3? :£ X 

c^t- ocj S ^ocm gOg 030 



oo«o o *o o »co>o ,QOO OOO 

HH <M CM CO COrfiTji ' >0 CD l> 00050 



1 



S£cU $8% S£S 

-.^OOCM (DC* OOCMCO OOOCO ^NO 
^3 t-i HNCN CNCOCO TtH-^iO cOt^oO 



"=22 £33 S§n 8gg 



o © 



~ b 

cp q 



S8S 838 

CO *0 CO N 



12 



